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Changes of hemodynamics and glomerular ultrafiltration in re-
nal hypertension of rats. Determinants of glomerular ultrafiltration
were studied by micropuncture in clamped (N = II) and un-
clamped (N = 7) kidneys of two-kidney Goldblatt rats and com-
pared to 15 controls. Renin-dependence of hypertension
(184 9 [sot mm Hg, 3 to 4 week's duration) was demonstrated
by infusing the angiotensin-IT-antagonist saralasin. In clamped
kidney hydrostatic pressure in glomerular capillaries (PGC) was
reduced to 56.5 3.0 vs. 61.2 3.4 mm Hg in controls, where-
as renal perfusion pressure behind the clip was normal. Early
proximal flow rate (EPFR) was decreased to 20.5 0.8 vs.
25.8 1.5 nI/mm in controls, at an unchanged single nephron
filtration fraction (SNFF), indicating a reduced glomerular
plasma flow (SNGPF). Preglomerular vascular resistance (RA)
was increased by 21%, but postglomerular resistance (RE) re-
mained unchanged. In unclamped kidneys, P(c was increased to
65.0 1.9, and pressures in peritubular capillaries (Pt) were in-
creased to 17.5 1.6 mm Hg. PC/PG(' ratios were significantly
higher. EPFR was increased to 32.1 1.9 nI/mm, indicating, at
an unchanged SNFF, an increased SNGPF. RA increased by
51%, whereas RE declined by 25%. The ultrafiltration coefficient
was reduced by 24% in unclamped kidneys. The number of
glomeruli was lower in clamped (24,590 5,500) and was higher
in unclamped kidneys (33,580 4,110) compared to controls
(29,240 4,900). Our results indicate that in clamped kidneys an
increase of RA causes a reduction of PGC and, hence, a reduction
of pressure at the baroreceptor site which may be a trigger mech-
anism for renin release. In unclamped kidneys, adaptation of RA
and RE to high perfusion pressure is nearly perfect, in terms of an
active component of RE dilatation.
Modifications de l'hemodynamique et de Ia filtration glomeru-
laire au cours de l'hypertension d'origine rénale chez le rat. Les
determinants de l'ultrafiltration glomerulaire ont été étudiés par
microponction des reins clampes (N 11) et non clampes(N = 7) de rats a deux reins préparés selon Goldblatt, et les ré-
sultats ont etC compares a 75 contrôles. La dependance de
l'hypertension (184 9 [soj mm Hg, durée 3 to 4 semaines) visa
vis de Ia rCnine a Cté démontrCe par Ia perfusion de l'antagoniste
de l'angiotensine, la saralasine. Dans les reins clampCs la pres-
sion hydrostatique dans le capillaire glomérulaire diminue a
56,5 3,0 au lieu de 61,2 3,4 mm Hg chez les contrôles alors
que Ia pression de perfusion rCnale est normale en arriCre du
clamp. Le debit dans le proximal precoce (EPFR) est diminuC a
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20,5 0,8 au lieu de 25,8 1,5 nI/mm chez les contrôles alors
que Ia fraction de filtration des néphrons individuels (SNFF) est
inchangee, cc qui indique une diminution du debit plasmatique
glomCrulaire (SNGPF). La resistance vasculaire prCglomCru-
laire (RA) est augmentee de 21% alors que Ia résistance post-
glomerulaire (RE) est inchangee. Dans les reins non clampés PGC
est augmenté a 65,0 1,9 et les pressions dans les capillaires
peritubulaires (Pa) a 17,5 1,6 mm Hg. Les rapports PC/PGC
sont significativement supérieurs. EPFR est augmenté a
32,1 1,9 nllmin, cc qui indique, puisque SNFF nest pas modi-
fié, une augmentation de SNGPF. RA augmente de 51% alors que
RE diminue de 25%. Le coefficient d'ultrafiltration est réduit de
24% dans les reins nonclampes. Le nombre de glomCrules est
inférieur dans les reins clampés (24.590 5.500) et supCrieur
dans les reins non clampCs (33.580 4.110) par comparaison
aux contrôles (29.240 4.900). Nos résultats indiquent que,
dans les reins clampés, une augmentation de RA determine une
diminution de PGC et, de cc fait, une diminution de Ia pression au
site basorécepteur qui peut être Ic mCcanisme de déclenchement
de Ia liberation de rénine. Dans les reins non clampes
l'adaptation de RA et R aux pressions de perfusion élevées est
proche de Ia perfection, en cc qui concerne Ia composante active
de RE.
Since Goldblatt [I] demonstrated the develop-
ment of arterial hypertension following renal is-
chemia, the pathogenesis of renovascular hyper-
tension has been investigated intensively in a varie-
ty of animals. The two-kidney model (unilateral
stenosis of one renal artery, contralateral kidney in-
tact) can be compared to the unilateral kidney dis-
ease in man caused by constriction of one renal ar-
tery. In contrast to the one-kidney model (con-
striction of the renal artery and unilateral
nephrectomy [2]), in the two-kidney model an in-
creased plasma renin activity occurs [3, 4]. In the
clamped kidney there is an increased, in the con-
tralateral kidney a decreased renin release [5], a
valuable diagnostic characteristic for renal surgery
in man [6].
The fact that arterial hypertension can be lowered
by agents blocking selectively the renin-angiotensin
system confirmed during the last years the view of
the primary role of angiotensin II (All) for mainte-
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nance of two-kidney hypertension, at least in its
early state, in the rat [4, 7—141 and dog [8, 151. The
hemodynamic changes in the clamped kidney,
which may cause renin release after development of
hypertension in the two-kidney model are not fully
understood. At a normal renal perfusion pressure
behind the clip [16], Rubidium uptake and PAH-
clearance were found to be normal [17]. In contrast,
based on estimations of N-acetylated PAH-metabo-
lites [18], renal plasma flow proved to be clearly de-
creased, as well as single filtration rate [16] and
early proximal flow rate [19, 201. In the con-
tralateral kidney, there was an increased filtration
rate [5, 19—21] and an increased pressure in gb-
merular capillaries [5]. The reduced filtration rate in
clamped kidneys could be explained by the influ-
ence of All on the ultrafiltration coefficient (K1),
since Blantz, Konnen, and Tucker [22] reported a
decreased filtration rate in the normal rat caused by
lower K1 following All-infusion. A reduced pres-
sure in the gbomerular capillaries, as another cause
for reduced filtration rate in the clamped kidney,
has not been found in another set of experiments
[51.
The purpose of this study, therefore, was to in-
vestigate possible changes of renal vascular resis-
tances and hydrostatic pressures on the single neph-
ron level which may account for an increased renin
secretion by the clamped kidney. A possible All-
effect on ultrafiltration coefficient and therefore on
GFR should be evaluated. In addition, adaptive
changes of determinants of glomerular ultrafiltra-
tion to high perfusion pressure were studied in the
contralateral kidney. The renin dependency of hy-
pertension under study should be demonstrated by
infusion of an All-antagonist (saralasin).
Methods
Studies were performed on male Sprague-Dawley
rats (body wt, 265 to 295 g) having free access to
food until 15 hours preceding the experiment and to
tap water ad jib. In a first series of experiments, 15
animals were used as a normotensive control group.
A second series was carried out in 18 two-kidney
Goldblatt hypertensive rats, obtained by con-
stricting the left renal artery with a solid silver clip 3
to 4 weeks before study [16]. At this time, body
weight ranged from 90 to 110 g. After hypertension
had developed, the clamped kidneys of 11 animals
and the untouched kidneys of 7 different animals
were investigated. Rats were anesthetized by an i.p.
injection of mactin (90 to 100 mg/kg of body wt,
Promonta, Hamburg) and prepared for micro-
puncture as described previously [231. Before we
started the constant infusion of isotonic sodium
chloride (1.2 ml/hr), all rats underwent slight saline
expansion (1.5 to 2.0 ml/rat) to prevent filtration
equilibrium. In the hypertensive group, experi-
ments were done only when blood pressure ex-
ceeded 160 mm Hg during the measurements.
Clamped kidneys with infarction were not investi-
gated.
Micropuncture measurements. Hydrostatic pres-
sure in tubules and first order peritubular capillaries
was measured according to the method described
by Landis and Pappenheimer [24]. Glomerular cap-
illary pressure was estimated by the stop-flow tech-
nique [25]. The validity of this method compared to
direct measurements in superficial glomeruli with
the servo-null technique [26] is well documented in
the normal [27] and in the contralateral kidney of
Goldblatt-hypertensive rats [28].
Early proximal flow rate (EPFR), as a measure
for single nephron GFR (SNGFR), was determined
with a microperfusion pump (Hampel) as a suction
system, as follows: after identification of an early
proximal tubule segment by a single i.v. injection of
lissamine-green-stained Ringer's, free-flow pres-
sure was measured as described above. Leaving the
capillary tip in place, the distal part of the tubule
was blocked with castor oil by a second pipette. A
third capillary, connected to the suction system,
was introduced then just behind the pressure-capil-
lary. Increasing suction rate subsequently de-
creased intratubular pressure down to free-flow
pressure prior to blocking the tubule. This suction
rate was taken as EPFR. Due to the high flow-sensi-
tivity of tubular pressure, exactness of EPFR deter-
mination was mainly limited by correct scale read-
ing of the electronical equipment. Retrograde oil
block movement was carefully avoided. Small
amounts of lissamine green solution were injected
through the pressure-capillary into the tubule.
Thus, any displacement and leakage at the puncture
sites was made visible. The distance between pres-
sure- and suction-capillary did not exceed three
times the tubular diameter.
To obtain estimates of the oncotic pressure in ef-
ferent arteriolar plasma, we identified [29] large
"star vessels" and punctured them as described in
detail by Brenner et al [30]. Mean blood pressure in
the renal artery behind the silver clip was measured
with sharpened glass pipets (O.D., 70 to 80 gm),
directly connected to a strain gauge transducer (Sta-
tham P23 dB). At the end of each experiment, 6 hy-
pertensive and 7 control rats received the All-an-
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Table 1. Summary of measurements related to total kidney functiona
.Normotensive rats
(control kidney)
Hypertensive rats
Clamped kidney Unclamped kidney(N = 15) (N = 11) (IV = 7)
Kidney wt,g L12 0.08 0.98 0.17° 1.51 O.O8
Body wt,g 282.1 15.1 276.3 13.5 272.4 9.9
AP,mmHg 124.5 6.4 123.9' 12.4 183.6 9.3
V,pJImin/gkidneywt 2.24 1.39 2.02 0.93 4.83 2.3l
P'T'T,sec 11.1 1.7 12.3 1.4 11.9 1.8
LTT,sec 41.1 7.5 45.9 12.0 38.2 8.4
C°,g/IOOml 7.8 0.4 7.9 0.6 7.8 0.5
No. of glomeruli x 10
Right kidney 29.24 4.90 24.59 5.55" 33.58 4.11°
Left kidney 27.40 5.28
a Abbreviations are AP, mean arterial pressure; ,urinary flow rate; PTT, proximal transit time; LTT, loop transit time; CA, protein
concentration in afferent arteriole.
1) This is mean pressure in the renal artery behind the clip.
This is before saline expansion.
"P < 0.05 compared to control values.
P < 0.01 compared to control values.
P < 0.001 compared to control values.
tagonist [Sar1-Ala8}AII (saralasin, Beckmann) at a
rate of 4 gImin . kg of body wt for 30 to 40 mm i.v.
During recovery time, infusion was continued with
isotonic saline (1.0 mi/mm). In addition, 11 hyper-
tensive and 10 normotensive animals were used to
determine the total number of glomeruli present in
each kidney. The method was described by Dam-
adian, Shwayri, and Bricker [31] and modified by
Kaufmann, Hardy, and Hayslett [32].
Analytical. Protein concentrations in efferent ar-
teriolar and arterial plasma samples were deter-
mined with a colorimeter (Zeiss) with a recently de-
scribed [30] microadaptation of the Lowry method
[33].
Calculations. Single nephron filtration faction
(SNFF) is calculated as:
SNFF= I —s-, (1)
where CA and CE refer to afferent and efferent arte-
riolar plasma protein concentration, respectively.
Using early proximal flow rate (EPFR), as a mea-
surement of SNGFR, a minimal initial plasma flow
per glomerulus can be calculated:
EPFR
NGPFmin
minimal blood flow per glomerulus is
SNGBF SNGPFminmin l—Hct
minimal efferent arteriolar blood flow is
EABFm,n = SNGBFm,n — EPFR; (4)
hydrostatic pressure in glomerular capillaries is
PGC = SFP + "A, (5)
where SFP and "A refer to stop-flow pressure and
afferent oncotic pressure, respectively. Net ultra-
filtration pressure at the afferent (PUFA) and efferent
(PUFE) end of the glomerular capillary is
PUFA = PGC — PT — "A (6)
PUFE = PGC — PT — "E (7)
"A and "E, afferent and efferent oncotic pressures,
were calculated from the arterial and efferent arteri-
olar plasma protein concentrations with the equa-
tion for human plasma derived by Landis and
Pappenheimer [24] and validated for the rat [34]:
= 2.1 C + 0.16 C2 + 0.009 C3. (8)
The rate of ultrafiltration per single glomerulus is
given by
SNGFR = K1 x PUF, (9)
(2) where K1 denotes the ultrafiltration coefficient, the
product of surface area, and effective hydraulic per-
meability of filtering capillaries. Using EPFR, Eq.
(9) gives
(3) EPFR = K1mi,, X Put.. (JO)
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Fig. 1. Blood pressure response to [Sar1-A1a8}-AII (saralasin) of 6 hypertensive (solid circles) and8 normotensive rats (open circles).
Values are the mean SD. Asterisks (***) denote P < 0.001 compared to mean blood pressure (AP) before saralasin infusion.
Since the profile of "GC along the capillary is non-
linear [35], K is calculated with the differential
equation given by Deen et al [36], under the condi-
tion of constant hydrostatic pressure along gb-
merular capillaries. Maximal preglomerular vascu-
lar resistance is calculated according to
R — AP
—
PGC x 7 962 x 1010 11Amax —
SNGBFmi0 '
where the factor 7.962 x 10 yields resistance in
units of dynes sec cm-5, when AP and PGC are
expressed in mm Hg and SNGBF in nhlmin. Maxi-
mal resistance per efferent arteriole is
R = PGC — C x 7.962 x 1010Emax EABFmi0
Total vascular resistance is
RTA = RA + RE.
Statistical. Student's t test for unpaired data was
used for statistical evaluation. All values in the text,
figures, and tables are means SD.
Results
The two-kidney model in our experiments gave a
30% yield of rats with fixed hypertension ranging
from 165 to 195 mm Hg, whereas 70% of rats did not
develop hypertension, which was still present under
micropuncture measurements. Animals with severe
hypertension (above 200 mm Hg) and reduced body
weight were not taken under study. On macroscop-
ic examination, the unclamped hypertensive kid-
neys did not show abnormal structures. Table 1
summarizes measurements related to total kidney
function: Weights of clamped kidneys were reduced
by 13%, weights of unclamped kidneys increased by
35% compared to normal rats of the same age.
Mean arterial blood pressure in hypertensive ani-
mals averaged 184 9 mm Hg. Pressure in the renal
artery, measured behind the silver clip, was 124
12 mm Hg, a value nearly identical to the mean arte-
rial blood pressure in normotensive rats. Both hy-
pertensive and normotensive rats had no difference
in arterial protein concentration, averaging 7.8
0.5 before and 6.9 0.4 gIlOO ml after saline expan-
(12) sion. The number of gbomeruli (NG) in clamped kid-
neys was diminished by 11%, whereas in Un-
clamped kidneys NG was increased by 15%. In un-
1J3 clamped kidneys diameter of glomeruli was
observed to be increased.
The blood pressure response of 6 hypertensive
and 8 normotensive animals to [Sart-A1a8]-AII in-
fusion is shown in Fig. 1. In the hypertensive group,
saralasin induced a significant pressure fall from 182
9 to 138 11 mm Hg within 30 mm. During the
recovery period, arterial pressure rose again, reach-
ing nearly basic values (178 8 mm Hg). In the
control group, no significant blood pressure change
occurred.
Micropuncture measurements obtained in clamped
kidneys. Tables 2, 3, and Fig. 2 summarize average
values of pressures, flows, and vascular resistances
S
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Table 2. Pressure data contributing to glomerular ultrafiltrationa
AP PT P CA CE
gIlOO ml
'IA II PU}'A PUFE PUF K
ni/mm/mm Hg PGCmm Hg mm Hg
Control kidney
Mean 124.5 61.2 12.3 14.3 7.0 10.0 25.4 46.8 23.5 23b 12.2 2.1 0.23
6.4 3.4 1.2 1.3 0.4 0.8 2.5 6.5 2.0 0.3 1.6 0.2 0.02
N 15 21 37 16 15 10 15 10 15 15 13 13 16
Clamped kidney
Mean l23.9 565g 12.5 l2.9 7.0 9.9 25.9 45.7 l8.1 —O.2 2.2' 0.23
12.4 3.0 1.4 1.0 0.5 0.6 2.6 5.0 1.7 1.5 0.2 0.03
N 14 21 25 12 11 10 11 10 11 10 10 12
Unclamped kidney
Mean 65.11$ 11.7 75 6.7 9.4 24.0 41.5e 29.3 1l8 20.6 1.6'
9.3 1.9 1.2 1.6 0.4 0.5 2.2 4.2 1.9 1.2 2.3 0.2 0.02
N 7 19 14 15 7 7 7 7 14 7 18 18 15
a Abbreviations are: AP, mean arterial pressure; PGC, PT, Pc, hydrostatic pressure in glomerular capillary, proximal tubule, and
peritubular capillary, respectively; CA and CE, protein concentration in afferent and efferent arteriole, respectively; "A and TIE, colloid
osmotic pressure in afferent and efferent arteriole, respectively; PUFA, PUFE, PUF, ultrafiltration pressure at efferent and efferent end of
glomerular capillary and the mean, respectively; K1, ultrafiltration coefficient (see text).
Significantly different (P < 0.05) from zero.
Mean pressure in the renal artery behind the clip.
" Lower limit for K1,,,,.
P < 0.05 compared to control.
P < 0.01 compared to control.
P < 0.001 compared to control.
in 11 kidneys with renal artery stenosis. EPFR
averaged 20.5 0.8 nI/mm, indicating a 20% de-
crease compared to control values. SNFF was 0.28
0.03, showing no significant difference from
normal kidneys. Thus, using Eqs. (2) and (3),
SNGPFmin and SNGBFm1n averaged 75.8 7.4 and
149.8 14.3 nI/mm, respectively, values signifi-
cantly lower than those in control rats. Hence, mea-
sured declines in EPFR were accompanied by pro-
portional declines in SNGPF. Rate of blood flow
per single efferent arteriole (EABF) tended to de-
crease, but did not reach statistical significance. PGC
averaged 56.5 3.0 and Pc 12.9 1.0 mm Hg, re-
spectively, indicating a significant decrease com-
pared to controls. P1 and "A remained unchanged,
therefore PGC accounted for the reduction of PUFA to
18.1 1.7 mm Hg. At the efferent end of glomerular
capillaries, imbalance of pressures disappeared, in-
Table 3. Single nephron flows and segmental vascular resistancesa
EPFR
ni/mm SNFF
SNGPFm1n
ni/mm
HctA
%
SNGBF,,,,
ni/mm
EABFm1n
ni/mm
RA,,, R,,,,, RTA,,, D P E
x /O'°dvnes sec cm RTA RTA
Control kidney
Mean 25.8 0.30 86.4 47.6 165.0 139.2 2.95 2.79 5.74 0.51 0.49
1.5 0.03 9.9 2.8 20.7 20.6 0.37 0.46 0.59 0.08 0.09
N 11 11 11 14 11 11 11 11 11 11 11
Clamped kidney
Mean 205" 0.28 75.8e 48.7 1498" 129.3 3.58' 2.63 6.29 0.57" 0.43"
0.8 0.03 7.4 2.2 14.3 13.9 0.72 0.36 0.80 0.08 0.07
N 13 10 13 11 13 13 13 13 13 13 13
Unclamped kidney
Mean 32.11 0.29 107.7" 49.0 211.2" 1798" 4.46 2.09" 6.55' 0.68" 0.32t
1.9 0.03 10.2 2.4 20.0 23.3 0.51 0.27 0.58 0.09 0.05
N 14 8 14 7 14 14 14 14 14 14 14
a Abbreviations are: EPFR, early proximal flow rate; SNFF, single nephron filtration fraction; SNGPFm1n, minimum single nephron
glomerular plasma flow; SNGBFm,,, minimum single nephron blood flow; HctA, hematocrit in afferent arteriole; EABFm1n, minimum
efferent arteriole blood flow; R5,, and RE, maximum afferent and efferent blood flow resistances, respectively; RTA,,,,,,, maximum total
arteriolar resistance.
P < 0.05 compared to control.
P < 0.01 compared to control.
dP < 0.001 compared to control.
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dicating filtration equilibrium: PUFE averaged 0.2
1.5 mm Hg, a value not significantly different from
zero. Therefore, it is impossible to calculate unique
values of K1, and thus PUF, due to the uncertainty in
determining 11GC• Assuming a linear profile of 'TGC
a lower limit for K1 can be estimated, under the con-
dition that total surface area of glomerular capillar-
ies participates in filtration process. With measured
values of EPFR, GC, PT, "A, and "E the lower lim-
it for K1 is 2.2 0.2 nl/min mm Hg, a value not
different from that obtained in control kidneys
where filtration equilibrium did not occur. Due to
the nonlinear profile of 11GC K1 may be even higher
than control values. Mean values for RA, RE, and
RTA are summarized in Table 3 and Fig. 2. Of partic-
ular interest is the finding that RA was increased by
21% over control value, whereas RE remained un-
changed. Thus, RA comprised a higher percentage
(57%) of RTA than in normal kidneys (5 1%). PC/PGC
ratios averaged 0.23 0.03, indicating that, as well
as in controls, 77% of glomerular capillary pressure
is dissipated by the efferent arteriole.
Micropuncture measurements obtained in Un-
clamped kidneys. Average values of 7 hypertensive
kidneys are given in Tables 2 and 3, and Fig. 2.
EPFR increased by 24% to 32.1 1.9 nI/mm. SNFF
remained unchanged, indicating a proportional in-
crease of SNGPF and SNGBF, respectively. PGC
and P were significantly increased to 65.0 1.9
and 17.5 1.6 mm Hg, respectively. CA was slight-
ly reduced to 6.7 0.4 g!100 ml, leading to a de-
crease of CE to 9.4 0.5 g/l00 ml and, hence, of "E
to 41.5 4.2 mm Hg. Due to an increase of PGC and
a decrease of "E' filtration disequilibrium was still
present at the efferent end of glomerular capillaries
(PUFE = 11.8 1.2 mm Hg), thus allowing calcu-
lation of unique values for K1mjn and PUF. In un-
clamped kidneys, averaged 1.6 0.2 nl!min
mm Hg, a value significantly lower than that in con-
trols. Table 3 and Fig. 2 summarize mean values for
RA, RE and RTA. RA was increased by 51% account-
ing for 68% of RTA RE decreased by 25%, but P/P
ratios increased to 0.27 0.02.
Discussion
The results obtained in these experiments demon-
strate a marked increase of preglomerular resis-
tance in the clamped kidney despite a normal per-
fusion pressure behind the clip, whereas post-
glomerular resistance remained unchanged. This
leads to a reduced glomerular plasma flow and a de-
creased hydrostatic pressure in glomerular capillar-
ies. The decline of early proximal flow rate is
Clamped Control Unclaniped
kidney kidney kidney
Fig. 2. Summary of early proximalfiow rates (EPFR), single gb-
merular plasma flows (SNGPF), filtration fractions (SNFF), hy-
drostatic pressures in gbomerular capillaries (PGC) and proximal
tubules (PT), oncotic pressures in afferent (IIAA) and efferent
('lEA) arterioles, pregbomerular (RA) and postglomerular (RE)
vascular resistances in /1 clamped and 7 unclamped kidneys
compared to /5 controls (mean SD). One asterisk (*) denotes
P < 0.05; two asterisks (**), P < 0.01; and three asterisks (***),
P < 0.001.
caused by the decrease of mean ultrafiltration pres-
sure, whereas a reduced ultrafiltration coefficient
does not occur.
The pronounced renin dependency of Goldblatt-
hypertension under study was demonstrated by in-
fusion of the All-antagonist saralasin at the end of
each experiment. Though an entirely normal blood
pressure could not be achieved, the saralasin re-
sponse is in good agreement with results reported
by others in the anesthesized [7—10, 13, 14] and
conscious rat [4, 12]. In two-kidney Goldblatt hy-
pertensive rats, a strong correlation between the
blood pressure fall induced by saralasin and plasma
renin activity was reported [41. Therefore, it is as-
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sumed that the All level, although not measured di-
rectly, is within a pressor range in our experiments
and that it plays a primary role for the maintenance
of hypertension.
Maintenance of renin release can result, accord-
ing to the baroreceptor theory [37], by an activation
of the renal vascular receptor at the terminal part of
the afferent arteriole. In this region, smooth muscle
cells are replaced by the myoepithelial juxtaglo-
merular cells [381. Therefore, a significant pressure
drop from the juxtaglomerular cells (JGC) to the
glomerular capillaries cannot be expected. Hence,
taking PGC as a measure for PJGC, hydrostatic pres-
sure at the baroreceptor site is reduced in clamped
kidneys compared to controls and may act as a trig-
ger mechanism for the increased renin release. A
causal relationship, however, has not been demon-
strated in this study. That renin secretion can be
stimulated independently from the sodium load at
the macula densa, the renal nerves or circulating
catecholamines has been demonstrated by Blame,
Davis, and Prewitt [391 in denervated, nonfiltering
kidneys. The authors lowered renal perfusion pres-
sure, which increased renin release. Besides hydro-
static pressure at the baroreceptor site, other mech-
anisms which might be responsible for an increased
renin release in the clamped kidney have not yet
been demonstrated in the early stage of benign
renovascular hypertension. The sympathetic ner-
vous system was found not to affect the develop-
ment of hypertension or renin activity in the two-
kidney model [401. A negative sodium balance,
which could have stimulated the renin-angiotensin
system [37], is only reported in animals with malig-
nant hypertension [41]. The cause for an increased
preglomerular resistance (RA) in the clamped kid-
ney, which leads to a decrease of PGC, cannot be
derived directly from our data. The view, that circu-
lating or locally generated All increases RA, is fa-
vored by the finding that All infusion increases RA
in the normal rat [22, 421.
Our finding that the early proximal flow rate
(EPFR) is decreased in the clamped kidney is in
good agreement with the results of Schnermann,
Ploth, and Dahlheim [19]. The mean values are
nearly the same, if the perfusion rate of Henle's
loop was zero. Based on the asymmetric behavior
of the tubuloglomerular feedback [5, 43], EPFR
does not change substantially between zero and a
physiologic (4 to 5 nl/min) loop perfusion rate.
Therefore, concerning tubuloglomerular feedback,
our EPFR is measured within a normal range of
loop perfusion. Lowitz, Stumpe, and Ochwadt [16]
reported an unchanged SNGFR per gram of kidney
weight; however, the absolute value was decreased,
too. In contrast to these findings are the results of
MUller-Suur et al [51, who found an unchanged
EPFR and stop-flow pressure in the clamped kid-
ney. This discrepancy concerning EPFR may be ex-
plained by the kidney weights, since these authors
reported a 20% lower weight for the control as com-
pared to the clamped kidney. That suggests a high
difference in body weights between hypertensive
and control animals. Absolute values of EPFR are
difficult to compare in this case.
The effective filtration pressure at the end of the
glomerular capillaries (PUFE) does not differ signifi-
cantly from zero in the clamped kidney, despite
slight saline expansion that lowered plasma protein
concentration. Therefore, filtration equilibrium is
achieved, and unique values for the ultrafiltration
coefficient K1 cannot be calculated. Assuming, how-
ever, that filtration equilibrium occurs at the end of
glomerular capillaries and that oncotic pressure "GC
changes linearly with capillary length, K1 is not sig-
nificantly different from control values. If, on the
other hand, filtration equilibrium is achieved al-
ready in the distance ahead of the capillary end,
and, since "GC does not change linearly along the
capillary [35], K1 would be increased. This finding
of an unchanged or even increased K1 is in contrast
with the results of Blantz, Konnen, and Tucker [22]
who reported a decreased K1 in the normal rat fol-
lowing All infusion. In addition, K1 was found to be
lowered under conditions which probably increase
plasma antidiuretic hormone levels [44]. Because in
the two-kidney model antidiuretic hormone level is
increased [45], caused by All [46], a decreased Kf
could occur by increased All as well as by in-
creased antidiuretic hormone levels. We did not
find, however, a reduced K1 in the clamped kidney.
In the unclamped kidney, effective filtration pres-
sure at the end of glomerular capillaries differs sig-
nificantly from zero, thus allowing calculation of
unique values for K1, which was found to be re-
duced compared to controls. This could be caused
by circulating All and/or antidiuretic hormone as
discussed above, though local All generation in the
unclamped kidney is decreased [5]. But it seems un-
likely that these hormones are solely effective in the
unclamped and not in the clamped kidney.
K1, as a product of water permeability and capil-
lary surface area, can be reduced by a decrease in
both parameters, by a single one or in combination.
During glomerular counting, we observed an in-
creased diameter of glomeruli in the unclamped kid-
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ney. Taking this as an evidence for an increased
capillary surface area, we suggest that water per-
meability must have decreased even more than it is
obvious by the reduction of the product K1 alone.
Whether this decreased water permeability is a con-
sequence of a defect of capillary membrances in the
early stage of hypertension needs further investiga-
tion.
Our findings of an increased EPFR in the un-
clamped kidney confirm published data [5, 20]. Ab-
solute values for SNGFR were also found to be in-
creased [16, 21], and our increased PGC values are in
accordance with those reported by others [5, 281.
The nearly complete adaptation of vascular resis-
tances to high perfusion pressure is obvious by the
fact that PGC is increased by only 4 mm Hg, whereas
arterial blood pressure increased by 60 mm Hg.
This adaptation is achieved by an increase in pre-
glomerular resistance and a simultaneous decrease
in postglomerular resistance. The increase in pre-
glomerular resistance by a factor of 1.5 leads to a
pressure drop of 120 mm Hg in the preglomerular
vessels. It should be mentioned that RA is not solely
located in the afferent arteriole but also in the inter-
lobular artery, where a pressure drop of about 30
mm Hg has been measured at a mean arterial blood
pressure of 125 to 130 mm Hg [47]. Whether auto-
regulatory capacity of the interlobular artery also
dominates in this pressure range as it does in the
range between 70 to 120 mm Hg in normal kidneys
[471 remains open.
At an unchanged pressure drop (PGC — P) along
the efferent arteriole in the unclamped kidney, the
blood flow (EABF) in this vessel is elevated, in-
dicating a decreased postglomerular resistance. P!
PGC ratios are higher in unclamped than they are in
clamped and control kidneys. That means that the
pressure in the first-order peritubular capillaries is
increased compared to the glomerular capillary
pressure, indicating an "active" dilatation [48] of
the efferent arteriole. Andreucci et al [48], however,
reported constant PC!PGC ratios following intrarenal
infusion of several vasoactive substances and dur-
ing hemorrhagic hypotension. These authors postu-
lated that the efferent arteriole shows no direct re-
action to humural and neural stimuli as the pre-
glomerular resistance does. Changes in P,
therefore, would occur passively to changes in PGC.
Recently, Guyton et al [49] demonstrated an intra-
renal effect of the renin-angiotensin system mainly
on the efferent arteriolar resistance; Al! infusion in
nonpressor dosages resulted in a higher increase of
efferent than it did in afferent resistance. Due to the
reduced renin activity [5], local All formation is de-
creased in unclamped kidneys, which may explain
the active dilatation of efferent arterioles in our ex-
periments. The number of glomeruli is decreased in
clamped but increased in unclamped kidneys com-
pared to controls. It should be mentioned, that left
kidneys were clipped in animals at a body weight of
about 100 g. These rats are about 30-days-old and
still in a juvenile stage. Therefore, it is suggested
that in the clamped kidney there is no further devel-
opment of preexistant to functional nephrons. In
good agreement with ours are the results of Bonva-
let et al [50J, who reported about 25,000 glomeruli in
30-days-old rats. The compensatory hypertrophy in
unclamped kidneys, however, is connected with a
numerical increase of functional nephrons. The
same increase was observed in the remaining kid-
ney following unilateral nephrectomy if performed
in 30- to 50-days-old rats [50]. The increased diame-
ter of glomeruli can be interpreted as a com-
pensatory hypertrophy following nephrectomy [511.
In conclusion, in clamped kidneys of two-kidney
Goldblatt rats, there is an increase of preglomerular
resistance despite a normal renal perfusion pres-
sure, leading to a decreased glomerular plasma
flow. The resulting reduced hydrostatic pressure at
the baroreceptor site may account for the mainte-
nance of renin release.
Our findings of a different number of glomeruli in
clamped and unclamped kidneys demonstrate an
additional adaptive mechanism to different renal
blood flows and glomerular filtration rates. Vascular
resistances in the unclamped kidney show nearly
perfect adaptation to the high perfusion pressure,
suggesting an "active" dilatation of the efferent ar-
teriole. In the clamped kidney, the ultrafiltration co-
efficient is normal or even increased. An effect of
All on K1, as reported in the literature, seems un-
likely under our experimental conditions. In con-
trast, in unclamped kidneys the ultrafiltration coef-
ficient is reduced, probably due to a decreased wa-
ter permeability.
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